Background: Childhood obesity tracks into adulthood with detrimental effects on health. We aimed to examine the relationships of diet in childcare settings and daily physical activity (PA) of preschoolers with body mass index z-score (z-BMI). Methods: We conducted a cross-sectional study of 150 children aged 2-4-years participating in the Nutrition and Physical Activity Self-Assessment for Child Care (NAP SACC) UK study to examine the associations of their diet in childcare settings and daily PA with z-BMI. Dietary intake was observed and recorded by fieldworkers using a validated tick-list food questionnaire and diet quality was assessed based on adherence to Children's Food Trust (CFT) guidelines. PA was measured using accelerometers. We derived z-BMI scores using the UK 1990 and International Obesity Taskforce growth reference charts. Multilevel regression models were used to estimate associations between diet and PA with z-BMI separately, adjusted for age, gender, ethnicity, parental education level and clustering.
Background
In England, 22.6% of children starting primary school are overweight or obese [1] . There is strong evidence that childhood obesity tracks into adulthood [2, 3] with detrimental effects on psychosocial health [4] and increased risk of chronic diseases in later life, including cardiovascular diseases, diabetes and certain cancers [5] . There is increasing recognition that childcare settings can play an important role in obesity prevention [6] . Since 2010, parents of 3-4 year olds are entitled to up to 15 h a week of free childcare, and in 2013 this was extended to parents of disadvantaged 2 year olds who receive certain welfare benefits. Around 71% of 2 year olds and 95% of 3-4 year olds in England attend some form of government-funded early years education, of which 38% attend day care outside of school settings [7] . Children in England are spending more time in childcare since the government increased funded childcare for 3-4 year olds from 15 to 30 h a week in September 2017. A recent survey revealed that 78% of parents took up the 30 h of childcare [8] .
Studies on nutrition provision in childcare settings in the US, New Zealand and Australia suggest there is poor adherence to national nutritional guidelines for children in early years settings [9] [10] [11] . In England, a survey of 851 nurseries found that 99.3% reported serving foods and beverages consistent with the voluntary national guidelines [12] , however few childcare providers met guidelines on oily fish (28.4%), vegetables (69.8%) and sugary drinks (16.8%) . This was supported by findings from a survey of 130 nurseries in Liverpool, England, where guidelines on oily fish and salt were met by 20% and 15% of nurseries, respectively [13] . There is no published study on the dietary intake of preschoolers in childcare settings in the UK. Of the available studies conducted in the US [14, 15] and the Netherlands [16, 17] , children consumed an insufficient amount of fruits, vegetables, and whole grains, but had excessive fat, sugar and energy intake [14] [15] [16] [17] . In several [14, 18] but not all studies [17] , children had higher vegetable intake and lower consumption of sugar-rich foods while in childcare settings than at home. However, dietary intake was often self-reported by nursery staff and parents, and thus may be subject to reporting bias.
Findings from the few studies that examined the relationship between diet and body mass index z-score (zBMI) among preschoolers are inconsistent, and none were conducted in the UK. A cross-sectional study of 2287 Greek children aged 2-5 years found that better adherence to diet and lifestyle recommendations was associated with lower odds of being overweight or obese (OR per 1 unit increment in score: 0.97, 95% confidence interval (CI): 0.95, 0.99) [19] . This was supported by a US study of 1521 preschoolers whose diet quality was assessed by adherence to the children's Diet Quality Index (DQI) [20] , but differed from the ToyBox European study, which found no relationship between diet quality and body weight status among 7063 preschoolers across six European countries (mean score for healthy weight: 68.4 vs.overweight/obese: 67.8, F = 2.71) [21] . The inconsistent findings could be due to differences in dietary measures used in these studies; weighed food records and self-reported 24 h food diary in the Greek study, 24 h dietary recall in the US study, and self-administered food frequency questionnaire (diet in the past 12 months) in the ToyBox study.
Two cross-sectional studies in the UK, where children aged 3 to 4 years were recruited from preschools in Cambridgeshire [22] and the Southampton Women's Survey [23] , found that 100% of the children met the current UK recommended physical activity (active time) guidelines of ≥180 min a day [24] . While an Australian [25] and a Canadian [26] study found that 5.1% and 83.8% of children met the guidelines of ≥180 min a day of physical activity, respectively. Additionally, Australian [27] and Canadian [28] guidelines specify that ≥60 min of the recommended daily guidelines for 3-5 year olds should be spent in moderate-to-vigorous physical activity (MVPA), where 13.7% of the 5 year olds in the Canadian [26] study met this recommendation. It is possible that children in the UK are more active than those in Australia and Canada, but variations in accelerometers, accelerometry cut-points and populations between studies preclude meaningful comparisons [29, 30] .
In one of the UK-based studies, children who attended preschool full-time (≥30 h per week) spent slightly more time in MVPA than those attending part-time [23] . The other UK study found that both boys and girls were less sedentary and more active in part-time and full-time care compared to no care [22] . Several cross-sectional studies have found weak or little evidence of an association between physical activity measures and zBMI [31] [32] [33] [34] [35] . A US cross-sectional study of 2-5 year olds found that time spent in vigorous (OR = 0.94, 95% CI = 0.88, 1.00) and very vigorous (OR = 0.68, 95% CI = 0.48, 0.96) physical activity was inversely associated with overweight [36] , but the sample size was small (n = 56).
To our knowledge, there is no published study on the dietary intake of UK preschoolers in childcare settings or its relationship with zBMI. Dietary intake was often self-reported by nursery staff and parents, and thus subject to reporting bias. There is limited literature looking at the number of preschool age children meeting recommended UK PA guidelines. Furthermore, the evidence on the association between PA measures and childcare attendence or zBMI is limited and inconsistent. The aim of our current study was to examine the relationship of dietary intake with zBMI, and physical activity with zBMI in preschool age children taking part in the Nutrition and Physical Activity Self-Assessment for Child Care (NAP SACC) UK study.
Methods

Study population
Children included in this study were participants in the NAP SACC UK study [37] . NAP SACC UK is a feasibility cluster randomised controlled trial to increase physical activity and healthy eating in children aged 2-4 years in nurseries and at home. Children were eligible if they attended childcare for an average of 12 h/week across the academic year September 2015-August 2016 (or 15 h/week term time only), and were provided with at least one main meal per week by the childcare setting. Between July and September 2015, 38 nurseries in North Somerset and Gloucestershire were invited to take part (Fig. 1 ). Of these, 12 nurseries were recruited, where 169 out of 462 parents (children) provided written consent for their children to participate in the study, but one participant withdrew consent before data collection. We excluded children with missing age and gender data (n = 3), who did not have their height or weight measured (n = 7), were absent during nursery dietary observation (n = 18), or were not given an accelerometer (n = 22) or had invalid accelerometry data (n = 33). This left 150 children who had complete zBMI and dietary or accelerometry data at baseline data collection for analyses.
Data collection
At recruitment and prior to randomisation, parents completed a questionnaire on age, ethnicity, education level and household size. They were also asked to estimate the number of days and hours in a week they planned for their child to attend childcare in the academic year September 2015-August 2016.
Anthropometry
Height (to the nearest 0.1 cm) and weight (to the nearest 0.1 kg) were measured without shoes and in light clothing using a portable SECA Leicester stadiometer, and SECA digital scales by trained fieldworkers and BMI (kg/m 2 ) was derived. We estimated age-and sex-adjusted BMI (zBMI) and defined body weight categories based on the UK 1990 growth reference chart [38] and International Obesity Taskforce (IOTF) cut-offs [39] using LMS Growth Microsoft Excel add-in [40] and the zanthro module in Stata (v14.2). Weight status was categorised as follows: (UK 1990 : > 2nd and < 85th centile for healthy weight vs. ≥ 85th centile for overweight/obese; IOTF: > 3rd and < 90.5 centile (boys) and > 3.7 and < 89.3 centile (girls) for healthy weight vs. ≥ 90.5 centile (boys) and ≥ 89.3 centile (girls) for overweight/obese) [38, 39] . Underweight children (UK 1990: ≤ 2nd centile; IOTF: ≤ 3rd centile (boys) and ≤ 3.7 centile (girls)) were excluded from weight category analyses.
Diet
Children's dietary intake at nurseries was assessed using the Child and Diet Evaluation Tool (CADET), a tick list questionnaire for young children in the UK, which has been validated against a semi-weighed food diary [41] . Trained fieldworkers completed the CADET while observing food and drink intake of each participating child during meals. Each fieldworker recorded dietary intake of up to five children. The CADET only required a tick for the item consumed in the relevant boxes -as long as the child has consumed a mouthful -with no need to record its quantity or weight. We estimated intake of four food groups: starchy foods; fruit and vegetables; non-dairy protein sources (meat, fish, and alternatives); milk and dairy foods. Additional file 1: Table S1 contains a list of food items included in each food group.
We assessed children's diet quality based on their adherence to the Children's Food Trust (CFT) guidelines. These are nationally recognised voluntary food and drink guidelines for early year settings in the UK [42] , which are underpinned by a nutrient framework [43] and encompass four food groups on which to base meals and snacks: starchy foods; fruit and vegetables; non-dairy protein sources (meat, fish, and alternatives); milk and dairy foods, with additional guidance on desserts, pudding, and cakes, drinks, fat, salt, and sugar. We operationalised these guidelines (herein known as NAP SACC UK Nutrition Best Practice Standards) for main meals and snacks separately, based on the number of main meals and snacks children consumed on the day of observation (Table 2) . Meals were analysed separately as the CFT have specific guidelines for main meals and snacks respectively and the participants' nursery attendance for main meals and snacks varied. Main meals included breakfast, lunch and evening tea (dinner), and snacks included morning and afternoon snacks. We assigned children a score of 1 if they met the standard and 0 if they did not. The scores were summed to derive an overall NAP SACC UK Nutrition Best Practice Standards score (see Table 2 for details), which ranged from 0 to 8 for one main meal, 0-9 for two main meals, 0-3 for one snack, and 0-5 for two snacks. For analyses on main meal intake, we excluded children who did not consume any main meals (n = 12), or had breakfast only (n = 3). Children who did not consume any snacks (n = 18) were excluded from analyses on snack intake.
Physical activity
Physical activity was objectively measured using ActiGraph GT1M accelerometers (Actigraph LLC, Pensacola, Florida, USA). The accelerometers were attached to elasticated belts which were positioned above the child's right hip. Children were instructed to wear accelerometers for 7 days including non-nursery days. The accelerometers were set to record at 10 s epochs. Periods of ≥60 min with zero counts, allowing for 2 min of interruption [44] , were taken as time the accelerometer was not worn. A day was considered valid if there were 8 h of data recorded after removing non-wear time. For physical activity analyses, only children who had at least two valid days of accelerometery data were included in the analyses (n = 114). We opted for a 2 day inclusion criteria to maximise the sample size from the NAP SACC UK feasibility study. Accelerometer counts per minute (cpm) were calculated by dividing the total counts by the total time after removing non-wear time.
The thresholds for activity intensities were defined using criteria described in part by Puyau [45] as: sedentary (< 800 cpm), active time (≥800 cpm), light (LPA, 800 < 3200 cpm) and moderate-to-vigorous (MVPA, 3200 < 11,715 cpm) physical activity. A count value ≥11,715 cpm has been deemed as extremely high in previous literature and therefore our data were capped to this value [46] .
Statistical analyses
We computed descriptive statistics for dietary intake, adherence to the NAP SACC UK Nutrition Best Practice Standards, and physical activity levels. We used multilevel linear regression models (children were nested in nurseries, mean = 12.5, standard deviation (SD) = 4.4) to estimate the association between the NAP SACC UK Nutrition Best Practice Standards score or physical activity and zBMI, accounting for the clustering of children within the same nurseries. We repeated the analyses using multilevel logistic regression models, with weight as a categorical outcome to estimate the odds of overweight/obesity. We conducted exploratory sub-group analyses to examine physical activity levels by gender and nursery and nonnursery day separately, using multilevel linear regression models. All statistical analyses were adjusted for age, gender, ethnicity, parental education level and clustering and performed using Stata v14 (StataCorp, College Station, TX USA).
Results
Participant characteristics
Most of the children were 2 or 3 years old (84.9%) and of White ethnicity (88.0%) ( 
Diet
For children who had one main meal, a large proportion of children met the standards for starchy food (> 80%), desserts, puddings, cakes (> 79%) and sugary drink (about 98%) but only around 60% of children met the guidelines for not consuming processed meat and fish products ( Table 2 ). Among children who had two or more main meals, over half (51.5%) did not have three types of starchy food (refer to Additional file 1 for definition). Only 34.4% of children who consumed one main meal had a portion of fruit and a portion of vegetable, increasing to 70% for children eating two or more main meals. Overall adherence to the NAP SACC UK Nutrition Best Practice Standards for snacks was high, with over 90% of children consuming a portion of fruit or vegetable with some snacks, and not consuming dried fruit as a snack, and 89.4% and 100% of children who had one and two snacks not consuming sugary drinks, respectively, during snack time. However, 25.7% of children who had one snack consumed high-sugar or highfat snacks, rising to 40.4% who had two snacks. The average fruit and vegetable intake was 5.2 portions per day (SD = 2.9) (Table 3) . Conversely, consumption of non-dairy protein sources that are non-processed was relatively low, with a mean intake of 1 portion (SD = 0.8). There was no evidence for an association between food group intake or NAP SACC UK Nutrition Best Practice Standards score and zBMI, derived using either the UK 1990 or IOTF growth reference ranges. Similarly, food group intake or NAP SACC UK Nutrition Best Practice Standards score was not associated with BMI as a categorical outcome (Additional file 1: Table S2 ).
Physical activity
On average, only 11.4% of the 114 children in the physical activity analysis sample met the daily guidelines of ≥180 min. None of the children met the daily guidelines of ≥60 min in MVPA. The mean time spent in sedentary, LPA and MVPA per day was 494.75, 121.32 and 22.23 min, respectively ( Table 4 ). The mean minutes spent in MVPA per hour was 2.01 min. The children in our sample spent an average of 10.51 more minutes per day in active time in childcare settings compared to non-childcare settings (Additional file 1: Table S3 ). There is some evidence that children spent 9.34 min per day more in LPA and 22.84 min per day more in sedentary time on nursery days compared to non-nursery days, but these associations were greatly attenuated when considered as a proportion of the overall time. Boys spent a greater proportion of time being active and a smaller proportion of time sedentary compared to girls, on both nursery days and non-nursery days (Additional file 1: Table S4 ). Likewise, on both nursery and non-nursery days, the mean cpm was higher in boys compared to girls. Table 5 shows the association between physical activity and zBMI. Minutes spent in LPA (β = 0.08, 95% CI = 0.01, 0.15) and active time (β = 0.07, 95% CI = 0.01, 0.12) were positively associated with zBMI, based on the UK 1990 growth reference chart. The odds of being overweight/obese (Additional file 1: Table S5) using the UK 1990 chart was higher in more active children (OR = 1.13, 95% CI = 1.02, 1.25) and lower in children who spent a higher proportion of time sedentary (OR = 0.89, 95% CI = 0.80, 0.98). Similarly, children who spent a greater proportion of time in LPA (OR = 1.20, 95% CI = 1.05, 1.37) were more likely to be overweight/obese whereas those spending a greater proportion of time sedentary (OR = 0.87, 95% CI = 0.78, 0.97) were less likely to be overweight/obese, based on the IOTF growth reference chart. Based on both the UK 1990 and IOTF growth reference charts, an increase in cpm increased the odds of being overweight/obese [(UK 1990; OR: 1.01, 95% CI = 1.00, 1.01) and (IOTF; OR: 1.01, 95% CI = 1.00, 1.01)].
Discussion
Our study showed that while the overall diet quality was good, the proportion of children who consumed high N/A Not applicable a Main meal -lunch or tea. If participant had two main meals but one of it was breakfast, this is defined as one main meal b At least four types for those who had two or more main meals, and two types for those who had one main meal c Snack -morning or afternoon snack sugar or high fat snacks while at nursery was relatively high, which is consistent with some [15, 17] , but not all studies [14, 18] . Unlike most studies suggesting inadequate consumption of fruits and vegetables among preschoolers at childcare [15, 16] , the average fruit and vegetable intake in our study was high. This could be due to differences in dietary assessment, as, according to the CADET [41] , children in our study were considered to be consuming a food item if they had a mouthful, and were assigned the respective standard portion size, regardless of the actual amount eaten. This suggests that a tick list food diary might not be sensitive enough to detect differences in portion sizes and thus amount of food intake. Futhermore, the relatively low proportion of children who met the standard of one portion of fruit and one portion of vegetable at main meal suggests that the average fruit and vegetable intake was largely attributable to fruit consumption. Neither food group intake nor the NAP SACC UK Nutrition Best Practice Standard score was associated with zBMI in this sample of preschoolers. This could be due to variation in the components of the dietary index and scoring criteria. A study in children aged 9-10 years found that adherence to dietary guidelines as assessed by the DQI and Healthy Eating Index (HEI), both including guidelines on nutrients, was associated with lower waist circumference and body fat, but not the Mediterranean Diet Score (MDS) [47] , which is a food group-based index as the NAP SACC UK Nutrition Best Practice Standard. This was consistent with findings from the ToyBox study, which also used a food group-based index to assess diet quality and did not observe an association Table 3 Coefficient and 95% confidence interval for the association between food group intake, diet quality and z-BMI with obesity [21] . Furthermore, physical activity or sedentary behaviour was included as a component of the index in two studies that found an inverse association between diet quality and obesity among preschoolers [19, 20] . Adherence to dietary guidelines in earlier studies [19, 21] was assessed based on total daily dietary intake whereas in this study, we assessed dietary intake at childcare only, and separately for main meals and snacks. As a result, it precluded the operationalisation of several guidelines that relate to total daily dietary intake such as those that pertain to dairy foods, and might explain the lack of association with zBMI in our study. It is likely that food intake at home is more important when looking at associations with zBMI, especially for children who attend childcare part-time (i.e. consume one main meal only), as several studies have reported lower vegetable and higher sugar intake when preschoolers were at home compared to that when attending childcare [14, 18] . Home environment has also been reported to have a stronger impact on preschoolers' zBMI than early education setting (i.e.large proportion of the variation in preschoolers' zBMI was explained by diet in the home environment) [48] . These suggest the need to assess children's diet at home when studying associations with zBMI. Additionally, findings from several systematic reviews found that active parental enagagement is key in effective interventions for promoting healthy eating or preventing obesity in childcare settings [49, 50] .
In this study, none of the children achieved ≥60 min in MVPA and only 11.4% of children met current guidelines of ≥180 min of physical activity per day, with children spending an average of 143.55 min/day in active time. This is not consistent with findings from other UK-based preschool age populations [22, 23] . This difference is likely to be a function of accelerometer cut-points, as the previous studies used a lower cut-point for determining active time levels (active time: ≥38 cpm [22] , ≥20 cpm [23] ); meaning a greater proportion of their samples would be meeting the guidelines than if they used the cut-points in our study. The proportion of time spent being physically active (22.5%) was greater than findings from a European study (15.3%) [51] and an Australian study (16.4%) [25] , but lower than findings from a Canadian study (50%) [26] .
Our study found that children spent more minutes in LPA and sedentary time on nursery days than non-nursery days, however this difference was not observed when considered as a proportion of time. Findings from another UK-based study found that children were more engaged in LPA and MVPA and spent less time sedentary when in childcare compared to at home [22] . In line with other cross-sectional studies [22, 23, 25, 31, 32] , we found some evidence that boys were more active than girls in our study. The current study also highlights that this difference is observed on both nursery and non-nursery days.
We showed some evidence of an association between children with higher zBMI scores being more active and less sedentary, using both the UK 1990 and IOTF growth reference charts. Our results are consistent with studies which have found a weak positive correlation between z-BMI score and activity [32] and a positive association with MVPA [31] . Likewise, we found evidence of higher physical activity levels increasing the likelihood of being overweight/obese which contradicts findings from an American study which found that being more sedentary increased the chance of being overweight/obese by 3.6 times [36] . Differences in the results may be accounted for by the use of lower accelerometry cut-points as well as the Centers for Disease Control and Prevention (CDC) growth charts in calculating the zBMI scores.
Our results also contradict findings from several European studies [33] [34] [35] 52 ] which found little evidence of an association between BMI z-score and physical activity. BMI as a measure is not able to differentiate between the contributions of fat mass and fat free mass [53] ; Table 5 Coefficient and 95% confidence interval for the association between physical activity and z-BMI therefore the positive association between physical activity and zBMI may reflect children with a higher fat free mass being more physically active. A UK-based study [54] assessed the associations between physical activity and sedentary behaviour with body composition in 4 year olds and found that VPA was inversely associated with total and abdominal adiposity. The findings from the current study may also be explained by children with higher zBMI scores being more physically developed.
Research suggests that fundamental motor skills (FMS) are associated with perceived physical competence, more advanced development, and participation in physical activities [55, 56] . A study which identified correlates of physical activity in 2 year olds found that higher levels of MVPA were observed in older children and those with normal gross motor development [52] . Findings from other studies suggest that children in the normal, and sometimes overweight groups, have better FMS than obese preschool age children [56, 57] . However, children in these study populations were aged 3-7 years old and the association between zBMI categories and FMS might differ significantly in 2-4-year olds.
Strengths and limitations
Our study is one of the first to examine dietary intake and physical activity at childcare and their associations with zBMI in UK preschoolers. Dietary intake was assessed by trained fieldworkers and we had an objective measure of physical activity using accelerometer, thereby limiting reporting bias. Nonetheless, some studies have found percentage body fat and/or fat free mass as a better indicator of adiposity compared to zBMI [58] . It is widely known that BMI declines after the first year of life until around the age of 6 years before it rises again (adiposity rebound) [59] . Therefore, a single BMI measurement may not be senstitive enough to detect an association between diet quality and obesity in preschool age children. We observed dietary intake of children at nursery on a single day only, which may not reflect their usual intake. Parents were asked to report their children's food intake using a home food diary but there was a low response rate and many filled in the diary on a different date from the nursery observation. Therefore, we were not able to estimate the daily dietary intake of children and compare their dietary intake by setting (nursery vs. home). Unlike dietary indices such as the HEI, DQI or the MDS, the NAP SACC UK Nutrition Best Practice Standard has not been validated and may not be suitable for examining the relationship between diet quality and zBMI. Up to 7 days of accelerometry data were recorded at 10 s epochs which provides us with reliable data. However, to maximise the number of children in our sample we analysed children with at least 2 days of valid data where ideally we would want to have more days of data to be more representative of the children's average physical activity levels. With there being no standardised international accelerometry cut-points for preschool age children, it is difficult to draw conclusions and comparisons of physical activity levels across studies. It is also important to note that we did not specifically record naps and as such the estimates of physical activity may include time when the children were napping. Participants in our study were mainly of White ethnicity and high socioeconomic status (SES) as indicated by parental education level which thus limits the generalisability of our findings. We did not collect data on non-participants but it is plausible that children of low SES who declined to take part in our study tended to be overweight or obese and inactive, and to have poor diet quality. Therefore, the association between diet in childcare and zBMI could be biased to the null whereas the association between daily PA and zBMI could be overestimated due to self-selection in our study population. We also cannot exclude the possibility of chance findings in the context of limited power due to the small sample size and multiple testing. To minimise multiple testing, we had decided a priori on the dietary and physical activity variables to be tested and used established dietary guidelines for categorisation.
Conclusion
In this study of 2-4-year olds in the UK attending nursery for an average of 25 h per week, we did not find an association between zBMI and the quality of diet consumed by children at nursery, but found a positive association between time spent in LPA and in active time with zBMI. Evidence on the association of activity and weight is mixed thus it should be investigated further in larger samples of preschool children in the UK. While the quality of diet consumed in nursery was reasonably good, the proportion of children meeting the standards on fruits and vegetables and high sugar or fat snacks was low and only 11.4% of children were meeting the recommended 3 h per day of physical activity. Therefore, a public health priority is to work with nurseries and parents to support them to increase preschool children's vegetable intake and activity, and reduce consumption of high sugar or fat snacks.
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